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ONatural SUSYO

¥Only a small subset of particles relevant to
hierarChy prOblem at One'IOO[@ohen,Kaplan,NeIson 1996;

Brust, Katz, Lawrence, Sundrum, 2012; Papucci, Ruderman,Weller, 2012)

Mhird generation squarks

¥Higgsinos

¥o a lesser extent, gluinos, winos and binos canOt be
too heavy

¥emain agnostic about Higgs mass

¥Searching for third generation squaiti priority



In so-called natural SUSY scenario, there are novel
signatures of top squark pair production, precisely
because of the Higgsino nature of the lightest neutral

Traditional searches for stops focus on decay
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In so-called natural SUSY scenario, there are novel
signatures of top squark pair production, precisely
because of the Higgsino nature of the lightest neutral

Traditional searches for stops focus on decay

]l t+ ET

But there Is another decay rr |\ TE
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Branching ratio
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¥stop pair production has sizable rate imimixedPnal state in
regions of parameter space where the lightest stﬁR has a
sizable'[:-R component
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SimpliPed signal model summary

pp! tt+ X

t+ 10 t+ 10

I |O I
ht 10 4 aoft |+ " b+ | ¥ +soft | +

Final state signatures

, B ATLAS, CMS searches
- tt+ MET Bai et. al., 2012

Dutta et. al., 2013

b+ MET ATLAS search; Cao et. al. 2012

- :

tb+ MET MG, J. Shelton, 2012
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Focus on leptonic decay of top quark

500 GeV stops:
¥~200 produced events at LHC 8 TeV with L=20 fb-1

¥need to be efpcient in object selection and analysis

Still, after imposing traditional cuts, S/B still not great,
especially since statistics are low

Need to reduce bkg by ~ factor of 30



Dominant backgrounds after standard cuts (MET, mT,
pT) are dileptonic tops and lepton-hadronic-tau tops

Propose a new search strategy, targeting simplibed
model Oasymmetric decayO

Mntroduce a new kinematic variabtepnessrucial

Mopness effectively suppresses the dominant
backgrounds from top quark pair production, in
single lepton Pnal states



Topness

Once a lepton Is lost, dileptonic background Is an
under constrained system.
Requirereconstructed center-of-mass energy IS
minimized

g

missing W and missing
neutrino

= 6 unknowns
constraints:

2 MET X,y

mass shell conditions:

1 W (for the lep+neutrino
2 top quarks
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Topness

replace minimization over 1 variable with over 4

m2 | 2 \2
S(pr,pWy,sz,p!z) = ( Wa4pW)
W
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£4mt2 (0 pi)2)2
( presume COM energy :th aél\/l

aOs should not be smaller than typical resolutions
aW=5 GeV, at=15 GeV, aCM=1TeV




On events passing pre-selection:
Topness has good separation power
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Signalred) well-separated from tt background (blue/
purple)



On events passing pre-selection: topness vs. other vari

asymmetric Pnal state symmetric bnal state
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Mor asymmetric Pnal state, topness (red) outperforms
MCT (blue) and MT2 (purple)

¥Yor symmetric bnal state:

I comparable performance



Cut 3ow for reference model and signiPcaneeson sta)

's=8TeV . L=20fb "1

lsig 'te 'w S/B |

preselection| 2.1 54 4.3 0.036 1.2
lepton veto | 2.1 44 3.4 0.044 1.3
bp pr > 125 1.5 22 1.6 0.065 1.4
ror >102 | 15 21 1.5 0.066 1.4

C < 3.0 1.4 18 1.3 0.072 1.4} big
L .
7‘t> 9.0 098 082 038 08 3E&f;, .,
ms = 500 GeV
topness
m, = 200GeV



Other sighal masses, best cuts and signiPcafncesstat)

's=8TeV . L=20fb "1

Mz myo || MET bipr C ro, Topness ! SIB !sg (fb)
400 100 200 150 35 -0.2 9.5 11 | 3.1 2.0
400 200 150 75 25 0.0 8 2.9/ 0.38 1.2
500 100 250 175 3.75 -0.2 9.0 5.4 2.7 0.95
500 200/ 200 125 3.0 -0.2 9.0 3.5 0.82 0.98
600 100/ 300 225 4.25 -0.2 11.0 3.3 4.7 0.26
600 200/ 300 200 35 -0.2 10.5 2.5 2.6 0.23

¥good reach achievable
¥topnessrucial



Topness
generalizations

Targettt leptonic- (hadronic)tau Pnal states In
collinear approximation

2 mMissing primary neutrinos
= 6 unknowns :
1 more missing tau neutrino
= 1 unknown(collinear)
7 total unknowns
constraints:

2 MET X,y

mass shell conditions:
2W

2 top quarks

= 6 constraints




Snowmass possibilities

¥sensitivity at 13 TeV LHC ?
Marger signal cross-section
Marger background
Mops more boosted, expect separation power of
topness to be weakened
¥n our study MadGraph>Pythia level only
¥ho detector simulation, no pileup



Conclusions

¥stops in natural SUSY spectra will generically have
large branching fractions to the mixed Pnal state

tt | tb+ E. + soft
Mhis bnal state dilutes rate into traditional search

channel tt | t@+ F+
¥ve propose a new search strategy

¥good reach achievable with novel variables
Introduced, such agpness

¥hould search for stops in all (tt,bb,tb) channels



Backups



older ATLAS stop search limits, 2012 Dec. conf. note
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Spectroscopy
decay through SUSY top Yukawa couplings
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Chargino Is not too boosted

Chargino has prompt decay, but visibles too soft
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Topness

For adileptonitop, where both leptons are
identiPed, there Is enough information and mass shell
conditions to reconstruct the tops

mIissing 2 neutrinos

= 6 unknowns
constraints:

2 MET X,y

mass shell conditions:
2WOs

2 top quarks
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On events passing pre-selection:
Topness has good separation power
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M HS: signar¢d) well separated from tt background

(blue/purple)

YRHS: 2 truth bOs vs. 1 truth b for tt
¥n future with large statistics, can further
reduce background by requiring 2 b-tags



Topness described

¥alue of S at minimum quantipes how well event
can be reconstructed according to the dileptonic
top hypothesis

¥nputs are 2 or 3 jets (depending on #bOs), 1 lepton, a
MET

¥f the event has two bOs use those, summing over bot
pairings of b-jets with reconstructed WOs

Mf the event has only 1 b, sum over both pairings of the
jet and a second jet with reconstructed WOs, where fc
the non-b jet we cycle through the two highest pT
(non-b) jets

t =In(min S)

\_ J
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On events passing pre-selectionT
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¥ignal (red) more OasymmetricO due to higher
pT b produced directly from stop decay



On events passing pre-selectio:
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¥stops (ed) more central than top quark pair
production due to difference Iin kinematics of
production (Han, Katz, Krohn, Reece, 2012)



Event generation

¥hormalize signal (Falgari et. al., 2012), tt (Beneke et. al. 2012) and t\
(Kidonakis,2012) processes to inclusive NLO+N(N)LL 8 TeV cross-
sections

¥vents are generated in Madgraph, showered in Pythia and clustere:
FastJet using the anti-k_T algorithm with R = 0.4

¥Mn generating tW+1j events, we forbid tt events from contributing whe
the momentum in one of the internal top propagators lies close to m
shell(Frixione et al., 2008; Alwall et al.2008)



Event generation: lepton, hadronic tau isolation

M eptons are declared isolated if the scalar sum-pT deposited in a
cone of radius R_i1s0=0.2 around a lepton is less than 0.2 times the lepton pT

¥We identify hadronic taus when the scalar sum-pT deposited in a cone of radi
R _1s0=0.2 around the visible hadronic tau Is less than 0.6 times the tau pT

These criteria for tau are tuned to yield an efPciency of approximately 50%,
comparable to experimental tau working points, on hadronic taus with pT>20
coming from the W In tt events.

¥ve assume a uniform probability 0.7 to tag a b-jet with pT > 20 GeV and rapid
<2.5.

¥MNe generated more than enough events to ensure our Pnal results are insens
to statistical Ructuations in our Monte Carlo simulations



